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ABSTRACT

The thesis entitled “Studies Directed Towards the Total Synthesis of Feigrisolide B; Development of Novel Synthetic Protocols For C-Aryl Glycosides and C-Linked Deoxy Disaccharides” is divided into two chapters.

Chapter I: Stereoselective Synthetic Studies of Feigrisolide B from D-Glucose and L-Malic Acid

	This chapter is dealt with the studies towards the total synthesis of  feigrisolide B.

The synthesis of a molecule is however, a very difficult task. Every group, every atom must be placed in its proper position and this should be taken in its most literal sense. It is sometimes said that organic synthesis is at the same time an exact science and a fine art.
Unlike many one-time discoveries or inventions, the endeavor of total synthesis is in a constant state of effervescence and flux. It has been on the move and center stage throughout the twentieth century and continues to provide fertile ground for new discoveries and inventions. The harvest of chemical synthesis touches upon our everyday lives in myriad ways.
	Interest in the synthesis of seven-membered rings has steadily increased in recent years because of their occurance in natural products, use in polymers, and pharmacological applications. In view of the interest and challenges these molecules present as potential synthetic targets, the number of methods available for the construction of seven membered oxacycles has steadily increased.  
  	Four new lactone compounds, named feigrisolides A to D, were isolated1 from Streptomyces griseus. The chemical structures were determined by detail analysis of their spectroscopic data and chemical transformations. Structurally, the feigrisolides A and B are hepta-lactones, while feigrisolide C and D are 16-membered macrolides. Biological studies indicated that feigrisolide B (Figure 1) exhibited strong antibacterial, as well as medium cyctotoxic, and antiviral activities. Feigrisolides A, C, and D are medium inhibitors of 3α-hydroxysteroid-dehydrogenase (3α-HSD) inhibiting activity.           Feigrisolide B is a heptalactone having four chiral centres. The absolute stereochemistry at C-8 was confirmed as ‘R’ by Helmchen’s method and for the other three centres relative stereochemistry was assigned.
                                          
           Antithetic analysis of 1 revealed that it could be synthesized from the seco acid 2. A diastereoselective aldol reaction on aldehyde 4 was envisaged to result the alcohol with complete array of stereocentres which would give 3, while 4 would be derived from D-glucose, wherein C-2 and C-4 hydroxy centers of D-glucose are retained as C-6 and C-8 stereocentres in the target molecule respectively. Thus, a C-6 framework along with two stereocentres is derived from D-glucose, while the remaining two stereocentres are introduced by a ‘non Evans’ aldol condensation.  
           
          Accordingly, the known2 olefin 5, on methanolysis with catalytic H2SO4 in methanol (Scheme 2) gave methyl glycosides 6. Alkylation of 6 with NaH/BnBr in THF afforded 7 which on treatment with 60% aq. AcOH and catalytic H2SO4 afforded the lactol 8. NaBH4 reduction of lactol 8 in methanol gave diol 9. Reaction of diol 9 with trityl chloride, and Et3N gave trityl ether 10 which on further reaction with TBDPSCl and 


                                                       Scheme 2
                                                                 

imidazole furnished 11. Further, deprotection of the trityl group in 11 with trifluoroacetic acid in CH2Cl2 afforded the alcohol 12.
             IBX oxidation of 12 in DMSO gave 13, which on subsequent reaction with (carbethoxymethylene)triphenyl phosphorane afforded 14. Catalytic hydrogenation of 14 with PtO2 and further reduction of 15 with LAH in THF gave 16. 
Alcohol 16 was oxidized with IBX to afford 4. The addition of the titanium enolate derived from propanoyl oxazolidinethione (A) to 4, gave the ‘non Evan’s syn aldol3 product 3 as the only isolable diastereomer. Adduct 3 was treated with TBDMSOTf and 2,6-lutidine in CH2Cl2 to afford 17, which on further treatment with DIBAL-H in CH2Cl2 at -78 0C gave 18. Oxidation of 18 with NaClO2 and NaH2PO4 in t-BuOH gave the acid 19, which on debenzylation with DDQ afforded the seco acid 2. Lactonisation of 2 under Yamaguchi reaction conditions4 and deprotection of the two silyl ethers by treatment with HF-pyridine complex afforded 1. The structure of 20 was unambiguously assigned based on the spectral and nOe studies.
          The spectroscopic data and optical rotation value of 1 did not correspond to the spectroscopic data and optical rotation1 value of feigrisolide B. This synthesis thus amply indicated that the proposed structure1 for feigrisolide B is incorrect. Hence, to arrive at the first synthesis of fegrisolide B and to determine the absolute stereochemistry as well, a further study was undertaken for the synthesis of 21 (Figure 2), with enantiomeric C-2, 3 and 6 stereocentres.
                                                   
          Retro analysis for 21, as described in Scheme 3, showed that seco acid 22 is the late stage intermediate, which could be made from L-malic acid. 


Accordingly 245, derived from L-malic acid, was treated with IBX in DMSO to give 25 (Scheme 4), which on further treatment with allyl bromide and activated Zinc under Barbier reaction conditions6 gave the carbinols 26 and 26a as a separable diastereomeric mixture. Alcohols 26 and 26a were converted in to benzyl ethers 27 and 27a respectively and subjected to acid (CSA) catalysed hydrolysis in aq. MeOH to give diols 28 and 28a. Selective tosylation (p-TsCl, Et3N, CH2Cl2) of 28 and 28a and further treatment of 29 and 29a with K2CO3 in CH3OH afforded the corresponding epoxides 30 


and 30a. Selective opening of 30 and 30a with Me3Al in toluene gave 31 and 31a, which on reaction with TBDPSCl-imidazole furnished 32 and 32a respectively. Hydroboration of 32 and 32a gave 33 and 33a. The diastereoisomer 33 was found to be identical with 16 in its 1H NMR and optical rotation data hence, isomer 33a was used for the further synthesis of 21.
Accordingly, 33a, on oxidation gave aldehyde 23, which on aldol reaction with titanium enolate (derived from the treatment of propanoyl oxazolidinethione (A) with TiCl4, N,N,N’N’-tetramethylethylenediamine in CH2Cl2) afforded the Evan’s syn-aldol3 adduct 34. Treatment of 34 with TBDMSOTf, controlled reduction of 35 with DIBAL-H and further oxidation of 36 with NaClO2 and NaH2PO4 in t-BuOH gave acid 37. Debenzylation of 37 with DDQ gave the seco acid 22, which finally on lactonisation under Yamaguchi conditions and desilylation of 38 with HF-pyridine complex afforded 21, which was thoroughly characterized from NMR studies. The spectroscopic data and optical rotation of 21 also was found to be different from that of feigrisolide B, reported1 in the literature. 
After close observation of the spectroscopic data and nOe studies of the molecules synthesized, it was felt that the proposed structure of feigrisolide B might be wrong. The statements which confirmed the structure of feigrisolide B are a) the C-2 and C-3 protons are trans to each other b) the C-3 proton and C-6 protons relationship is cis to each other. It was felt that the first conclusion might be wrong because it was based on the dihedral angles and strains of the bonds. In seven membered ring the number of possible conformers increases due to the greater degree of freedom. So there is a possibility for two more isomers with cis relationship of C-2 and C-3 protons (Figures 3 and 4), hence, synthesis of 39 and 50 was undertaken.
                                    
   	The retro synthetic analysis (Scheme 5) for the target molecule 39 revealed that it could be synthesized from the intermediate 4, which was used for the synthesis of 1. Asymmetric Sharpless epoxidation of 43 and opening of the epoxide group in 42 with using Gillman reagent were envisaged to incorporate the two asymmetric centres in the target molecule with cis-relationship. 
       
Accordingly, aldehyde 4 (Scheme 6) was subjected to Wittig olefination with (carbomethoxymethylene)triphenyl phosphorane in benzene at reflux to give , - unsaturated ester 44. Reduction of 44 with DIBAL-H furnished the corresponding alcohol 43. Allylic alcohol 43, on asymmetric Sharpless epoxidation7 with (+) DIPT, Ti(OiPr)4 and cumene hydroperoxide in dry CH2Cl2 at -20 0C for 3 h  gave epoxides 42 with required stereocentres (2S, 3S). The epoxy alcohol 42 was treated with dimethylcopperlithium (prepared from methyl lithium and cuprous iodide) in dry ether at-20 oC to afford the diol 45. Further, the diol 45 was treated with TBDMSOTf  to afford 41. Deprotection of the primary silyl group with CSA in MeOH furnished alcohol 46. Oxidation of 46 with IBX furnished aldehyde 47, which on further treatment with NaClO2, NaH2PO4 and 2-methyl-2-butene in t-BuOH, gave 48. Debenzylation of 48 with DDQ afforded the expected seco acid 40.
The seco acid 40 was further cyclised under Yamaguchi reaction conditions to afford the lactone 49. Desilylation of 49 with HF-pyridine complex in pyridine afforded the target molecule 39. The spectral data and optical rotation values of 39 were again different with the data reported in literature for feigrisolide B. Thus the 3rd molecule synthesized was also found to be not the right molecule, which matches with the reported    
  
structure. So the study in the direction of the first synthesis of feigrisolide B was reinitiated.
Having met with no success in our effort to arrive at the first synthesis of feigrisolide B, with C-2, 3, 6 cis stereochemistry, it was then aimed at the synthesis of another isomer (50) with enantiomeric at C-2, 3, 6 stereocentres of 39 (Figure 4).
                                        
The retrosynthetic analysis (Scheme 7) of 50 revealed that intermediate 23 would be appropriate starting material. Thus the main strategy would be to convert 54 with (-)-DIPT into epoxide 53 to introduce vic –OH and methyl groups with right stereochemistry	           
	         Accordinly, 23 was treated with (carbomethoxymethylene)triphenyl phosphorane in benzene to give α, β- unsaturated ester 55 (Scheme 8), which on reduction with DIBAL-H afforded the corresponding alcohol 54. Allylic alcohol 54, on asymmetric Sharpless epoxidation with (-)-DIPT, Ti(OiPr)4 and cumene hydroperoxide in the presence of MS 4Å in dry CH2Cl2 at –20 0C gave 53.
The epoxy alcohol 53 on reaction with Gillman reagent afforded the diol 56, which on further treatment with TBDMSOTf and 2,6-lutidine in CH2Cl2 at room temperature gave 52. The deprotection of the primary silyl group in 52 with CSA in MeOH afforded alcohol 57, which on oxidation furnished 58. Oxidation of 58 on treatment with NaClO2, NaH2PO4 gave 59, which on debenzylation with DDQ in CH2Cl2 at 40 0C for 4 h afforded seco acid 51. Cyclisation of 51 under Yamaguchi reaction cond- 

-itions, by treating with 2,4,6-trichlorobenzoyl chloride and Et3N in THF at room temperature for 3 h and further treatment with DMAP in toluene at 90 0C afforded the cyclised product 60. Finally, lactone 60 was further desilylated with HF-pyridine complex, pyridine in dry THF at room temperature for 2 days to afford 50 whose spectral data was also not found to be matching with the reported values of feigrisolide B, hence the attempts once again was unsuccessful in achieving the first total synthesis of feigrisolide B and its structure determination.

Chapter II: Development of Novel Synthetic Protocols For C-Aryl Glyco -sides and C-Linked Deoxy Disaccharides  

Section A: Synthetic Protocol for Substituted Tetrahydrofurans By Cyclodehydration Method

This section is dealt with the synthesis of substituted tetrahydrofurans by using FeCl3 as a Lewis acid catalyst.
 
            Substituted tetrahydrofurans (THFs) are structural features commonly encountered in a variety of natural products. The preparation of such compounds, because of their importance in many biological processes, has attracted particular attention from organic synthetic chemists.  In our earlier work taking advantage of the facile carbocation formation in the presence of a variety Lewis acids such as FeCl3,8 DIBAL-H9 and Yb(OTf)3,10 methods were developed for protection and deprotection. Adopting the same strategy a facile FeCl3 mediated cyclodehydration protocol for the conversion of 1, 4-diols into substituted tetrahydrofurans (Figure 1) is described in this section.
               
	
A variety of 1, 4-diols (1-9) (Table 1) were prepared from the corresponding hydroxy aldehydes. The benzylic hydroxy group in these systems, on reaction with FeCl3, forms a carbocation, which undergoes an intramolecular nucleophilic addition and results in 2- and 2,5-disubstituted THFs. Diols 1-5 gave 2-substituted THFs (1a-5a), while 6 and 7 gave 2,5-disubstituted THFs (6a and 7a). Similarly, diols 8 and 9 obtained from R-glyceraldehyde and D-glucose derivatives respectively gave chiral THFs 8a and 9a, while 9a presents a bis THFs skeleton in its structure.   

                                                          Table1         


Section B: Synthetic Methodology for C-Aryl Glycosides 

This section is dealt with the synthesis of C-aryl glycosides by use of Yb(OTf)3 as a Lewis acid catalyst.
Recent years have witnessed an upsurge in the synthesis of C-aryl glycosides owing to the significant biological and pharmacological properties of some of these compounds. A common structural feature to several groups of antitumour antibiotics such as the rubiflavin, gilvocarcins, and urdamycins is the C-aryl glycosidic linkage. These classes of natural products display significant biological activity. Consequently, an assortment of methods has been developed for the formation of a carbon-carbon bond between the anomeric centre of a carbohydrate unit and an aromatic ring. C-aryl glycosides having electron-rich aromatic moiety are widespread in nature and various physiological properties have been assigned to these compounds.
In the preceding presentation we have described an efficient cyclodehydration protocol on 1, 4-diols to derive the THFs by use of FeCl3 as efficient Lewis acid has been described. In a further study, it was envisaged to use the same protocol for the synthesis of C-aryl glycosides  (Figure 2) by cyclodehydration of 1, 4-diols derived from sugar aldehydes. 
           
Accordingly, when 1 (Table 2) was treated with FeCl3 as Lewis acid, it gave 1a and 1b, albeit in poor yields. However, 1 when treated with Yb(OTf)3 underwent a facile cyclodehydration to give 1a and 1b in good yields. Hence, Yb(OTf)3 was used as Lewis acid for cyclodehydration of 1,4-diols to give C-aryl glycosides. Thus, the 1,4-diols 1-10 on treatment with Yb(OTf)3 gave the corresponding C-aryl glycosides. Diols 1-4 gave the C-aryl glycosides as an inseparable α- and β- anomeric mixtures, while 5-9 gave exclusive α- C-aryl glycosides, while 10 gave β-C-aryl glycoside.

                                     Table2   

Section C: Steroselective Synthesis of C4-C5 And C1-C5 Linked Deoxy Disaccharides via Ring Closing Metathesis Protocol
This section is dealt with the stereoselective synthesis of C-C linked deoxy disaccharides using RCM strategy.
The glycoconjugates found on cell surface membranes play an important role in cell-cell recognition and interaction, and as such an increasing effort has been directed to the design and synthesis of glycoconjugates for the study of glycobiology and as candidates for therapeutic and pharmaceutical development.11 C-glycosides12 has therefore attracted considerable interest particularly in view of their hydrolytic stability and potential enzyme inhibitory properties. The conformational structure of C-glycosides to a large extent resembles those of naturally occurring O-glycosides. The C-linked deoxy disaccharides are prepared by RCM protocol. RCM strategy on chirons 8/8a/13 was efficiently adopted to realize the disaccharides 1, 2, 3, 4 and 5.

 	
              Accordingly, the known aldehydes 613  (made from D-glucose) and 11 (made from D-mannose) were treated with allyl bromide and activated zinc in THF-aq.NH4Cl at 0 0C, under Barbier conditions to give the alcohols 7 and 12 (Schemes 1 and 3) respectively, which on treatment with acryloyl chloride and Et3N in CH2Cl2 afforded este- 



-rs 8, 8a and 13respectively. The bis-olefins 8, 8a and 13 were treated with Grubbs’  catalyst and Ti(OiPr)414 in CH2Cl2 to afford the cyclic enones 9, 9a and 14 (Schemes 2 and 3) respectively. The cyclic enones 9, 9a and 14 were treated with OsO4, and NMO in acetone:water (3:1) to afford the C (1)-C (5)-linked 4-deoxy disaccharides 10, 3, 4 and 5 respectively.  9a afforded a separable mixture of 3 and 4 in 1:2 ratios. Inseparable mixture of diastereomers 10 on reaction with 2, 2-DMP afforded 1 and 2, which were separable by column chromatography. Olefin 14 on cis-dihydroxylation gave 5 as an exclusive product.
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